The objectives were to evaluate whether induction, specifically prolonged labor, was associated with adverse maternal outcomes related to preeclampsia with severe features (PEC-S) and whether cesarean affected the rate. STUDY DESIGN: This was a retrospective cohort study of women with PEC-S ⩾ 34 weeks who were diagnosed either before planned cesarean or before induction/latent labor. The primary outcome was a composite adverse maternal outcome related to PEC-S. RESULTS: The final cohort comprised 193 women (n = 172 with labor and n = 21 with planned cesarean). The prevalence of the outcome was 15.5%. Women exposed to labor did not have a higher rate compared with planned cesarean (16.3% vs 9.5%, P = 0.4). Adjusting for confounders, women with a cesarean after prolonged labor had a 10-fold higher adverse outcome risk compared with women with a planned cesarean (adjusted odds ratio (aOR) 9.7 (1.2 to 78.6), P = 0.03) or with a vaginal delivery o 24 h (aOR 9.7 (1.4 to 67.4), P = 0.02). CONCLUSION: Prolonged labor and cesarean in labor were both associated with an increase in our outcome.
INTRODUCTION
Preeclampsia complicates 5 to 9% of all pregnancies and is a leading cause of maternal morbidity and mortality both in the United States and abroad. 1, 2 Preeclampsia with severe features (PEC-S) carries the greatest maternal morbidity given its association with progressive maternal deterioration including renal and liver failure, pulmonary edema, abruptio placentae and eclampsia. It is the largest contributor to the adverse outcomes and complications that are associated with the preeclampsia disease. [1] [2] [3] These complications may occur in up to 30% of women with PEC-S either before, during or immediately after delivery. 1, [3] [4] [5] [6] [7] [8] Although the etiology and progression of PEC-S is not fully understood, delivery has been demonstrated to be the definitive treatment. 9, 10 Among women with PEC-S, 480% are diagnosed before delivery. The clinician is then faced with the decision of when and how to proceed with delivery. 9 The Working Group on High Blood Pressure in Pregnancy 1 suggests that an induction of labor for PEC-S should be 'carried out aggressively once the decision for delivery has been made'. They recommend setting clear end points and suggest a 24-h time point for delivery. This is based on expert opinion with limited research evaluating the impact of length of labor or mode of delivery on maternal or neonatal outcomes in women with PEC-S. 9, 11 Therefore, the first objective of this study was to evaluate whether induction of labor or augmentation of latent labor was a risk factor for adverse maternal outcomes related to PEC-S compared with women with a planned cesarean delivery. Our hypothesis was that exposure to labor, specifically a prolonged labor, increases the rate of adverse maternal outcomes related to PEC-S. Our second objective was to evaluate whether mode of delivery differentially affected the rate of adverse maternal outcomes related to PEC-S. Our hypothesis was that a cesarean delivery in labor is associated with a higher rate of adverse outcomes as compared with a vaginal delivery or planned cesarean delivery.
METHODS
A retrospective cohort study of all women with PEC-S who delivered at the Hospital of the University of Pennsylvania between July 2011 and February 2013 was performed. This time frame was chosen as 2011 was the initiation of the electronic delivery record and 2013 was when chart abstraction for the current study began. The study was approved by the institutional review board.
Women with PEC-S were identified through our electronic delivery record. Confirmation of the diagnosis of PEC-S was determined by two of the investigators (LDL and ML) who performed all chart abstraction. For the purposes of this study, PEC-S was defined by the current recommendations based on consensus guidelines published in 2013. 2 Women were included in the study if they were ⩾ 34 weeks with a singleton gestation and were diagnosed with PEC-S before their planned cesarean delivery, before induction of labor or who were diagnosed in latent labor. Women were excluded if they were diagnosed in active labor or the postpartum period. Women diagnosed with PEC-S in active labor were excluded as decision making regarding length of labor or mode of delivery is not applicable. For the purposes of this study, active labor was defined as a cervical exam ⩾ 5 cm in the presence of contractions. In addition, women diagnosed with PEC-S by proteinuria alone or growth restriction alone were excluded given the recent changes in diagnostic criteria.
outcomes related to PEC-S compared with women with a planned cesarean. Women who underwent an induction of labor or augmentation of latent labor were compared with women with a planned cesarean delivery in the absence of labor. We defined induction as (1) use of any cervical ripening agent (prostaglandin or cervical Foley) or (2) artificial rupture of membranes or oxytocin use in the setting of cervical dilation o4 cm without contractions. Latent labor was defined as cervical dilation ⩽ 4 cm with or without contractions.
Within the first objective, we planned to evaluate the impact of a prolonged exposure to labor on adverse maternal outcome. Prolonged labor was defined as ⩾ 24 h from start of induction/latent labor to delivery.
The second objective was to evaluate whether mode of delivery in labor differentially affected the rate of adverse maternal outcomes related to PEC-S. The rates of adverse maternal outcome were compared for women with a cesarean delivery in labor and those with a vaginal delivery. The rates of adverse maternal outcome for women with and without a prolonged labor were then stratified by mode of delivery.
The primary outcome was a composite of adverse maternal outcomes related to PEC-S defined as the presence of ⩾ 1 of the following before discharge: liver/renal failure, thrombocytopenia, disseminated intravascular coagulation, pulmonary edema, eclampsia, blood transfusion, stroke and admission to an intensive care unit. Supplementary Table 1 lists the definitions of the individual components of our composite outcome.
Bivariate analyses were performed using χ 2 and Fisher's exact tests to compare categorical data. Student's t-tests, Mann-Whitney U, and Kruskall-Wallis tests were used to compare parametric and nonparametric data, where appropriate. Mantel-Haenszel estimates were used to test for effect modification.
Logistic regression was used to estimate odds ratios, and multivariable modeling was used to adjust for potential confounding factors. In building our multivariable model, we included risk factors with an association with the dependent variable at a level of P o0.2. The risk factors were evaluated to be confounders or effect modifiers of the association between labor length and adverse maternal outcome. Using backward stepwise elimination, we created our final parsimonious model. Risk factors were retained in the model as a confounder if the effect size was at least 10% or if there was a significant interaction (Po 0.05). Bootstrap resampling was performed to assure stability of our models and tests of statistical significance.
All data were analyzed using Stata version 12.0 (College Station, TX, USA). Statistical significance of Po0.05 was used. Previous literature has reported a maternal morbidity rate for women with PEC-S ranging from 20 to 30%. 1, [3] [4] [5] [6] [7] [8] We assumed an outcome rate of 20%, a two-sided type I α error of 5 and 80% power. We assumed a planned cesarean delivery rate of 30% and therefore, a priori, chose a 3:1 ratio for women with induction of labor/augmentation of latent labor versus those with a planned cesarean. Therefore, we calculated that we would need a total of 252 women (63 with planned cesarean and 189 with labor) to be adequately powered to see a twofold relative change in outcome. After completion of chart review for the proposed study time period, the rate of planned cesareans was noted to be significantly lower than assumed. A post hoc power analysis was performed using the rates of the exposed/unexposed from the charts abstracted and we found there was 490% power to see a 2.25-fold difference in outcomes between those with a planned cesarean and those with labor. Therefore, extension of the study period to include more charts was not performed.
RESULTS
Of the 347 women identified as having PEC-S in the electronic delivery record, 154 did not meet inclusion criteria and therefore 193 women comprised the final cohort ( Figure 1 ). There were 172 women who were exposed to labor and 21 with a planned cesarean delivery. The 21 women with a planned cesarean delivery in the absence of labor were women with a contraindication to vaginal delivery or those who elected for a repeat cesarean delivery (16 were in the setting of a prior cesarean and 5 were in the setting of malpresentation).
Demographic information for the overall cohort, the planned cesarean group and the induction of labor/augmentation of labor group are shown in Table 1 . Race and body mass index were similar between groups. Women with a planned cesarean delivery were older and less likely to be nulliparous. This was not surprising as the primary reason for planned cesarean delivery was a prior cesarean delivery. On average, women delivered a week earlier in the planned cesarean group compared with those who labored. There was no difference in the criteria by which women met the definition for PEC-S between the groups.
The overall prevalence of the adverse maternal outcome related to PEC-S was 15.5% for the entire cohort. Women exposed to Labor and adverse outcomes with preeclampsia LD Levine et al induction of labor/latent labor (n = 172) did not have a significantly higher rate of adverse maternal outcome compared with those with a planned cesarean (n = 21, 16.3% vs 9.5%, P = 0.4). The results were similar after adjusting for confounders including parity and gestational age at delivery. Women with a prolonged (⩾24 h) labor (n = 31) had a significantly higher rate of adverse maternal outcome compared with those without prolonged labor (n = 141, 29.0% vs 13.5%, P = 0.03). This increased risk remained after adjusting for confounders including parity and the criteria by which they were diagnosed with PEC-S (adjusted odds ratio (aOR) 3.1 (1.1 to 8.3), P = 0.03). This difference was not seen when a shorter labor length was evaluated (18 h cutoff: 20% vs 14.3%, P = 0.3). There was a cesarean delivery rate of 25.6% (n = 44) among the women who labored. Indications for cesarean in labor were as follows: 43.2% for arrest of first stage of labor (failed induction of labor or arrest of dilation), 9.1% for arrest of second stage of labor, 36.4% for nonreassuring fetal heart tracing and 11.4% for an 'other' indication, including maternal request (n = 1), malpresentation in labor (n = 1) or worsening disease (n = 3).
For laboring women, a cesarean delivery in labor increased the risk of adverse maternal outcome related to PEC-S when compared with a vaginal delivery (27.3% vs 12.5%, P = 0.02). We therefore evaluated the rate of adverse maternal outcome among those with and without a prolonged labor (⩾24 h), stratified by mode of delivery. Table 2 compares the demographic information for these five separate groups. Parity and gestational age at delivery were significantly different among groups. Figure 2 displays the rates of adverse maternal outcome for each subgroup. The lowest risk of adverse maternal outcome occurred in the planned cesarean in the absence of labor group (9.5%). Only a slightly higher rate of adverse maternal outcome (11.0%) was observed for women with a vaginal delivery and labor for o24 h. Women with a vaginal delivery and labor for ⩾ 24 h and women with a cesarean and labor for o 24 h had a similar higher rate of adverse maternal outcome (21.1% and 21.9%, respectively). The rate of adverse maternal outcome was most striking and highest for women with a cesarean after ⩾ 24 h of labor (41.7%). A nearly sevenfold higher odds of adverse maternal outcome was observed in these women as compared with those with a planned cesarean in the absence of labor (OR 6.8 (1.1 to 43.4), P = 0.04). When adjusting for confounders including parity, gestational age at delivery and the criteria by which PEC-S was diagnosed, the risk of adverse maternal outcome remained significantly higher for women with a cesarean after ⩾ 24 h of labor compared with women with a planned cesarean (aOR 9.7 (1.2 to 78.6), P = 0.03) and compared with women with a vaginal delivery after o24 h of labor (aOR 9.7 (1.4 to 67.4), P = 0.02). The results were similar when compared with women with a vaginal delivery for ⩾ 24 h. The rate of adverse maternal outcome was unchanged when those augmented in latent labor (n = 12) were excluded and therefore only women with inductions were included. Table 3 displays the neonatal outcomes for the different subgroups of labor length stratified by mode of delivery.
DISCUSSION
Although expert opinion suggests that 24 h should be used as a time point for delivery among women with PEC-S, 1,10 data are limited to corroborate this statement. Our study is the first to specifically investigate this. We evaluated the impact that induction of labor, specifically a prolonged labor (⩾ 24 h), has on adverse maternal outcomes related to PEC-S and how mode of delivery can modify this risk. Although induction of labor did not significantly increase the risk of adverse maternal outcome compared with a planned cesarean, we found that prolonged labor and cesarean delivery in labor were both associated with the overall composite of adverse outcomes seen in women with PEC-S. Most notably, women with a cesarean delivery after a prolonged labor have a 42% chance of an adverse maternal outcome related to PEC-S. When adjusted for confounders, this is almost 10 times higher than women with a planned cesarean or a vaginal delivery in the absence of a prolonged labor course.
Amorim et al. investigated the effect of mode of delivery among women with PEC-S in Brazil. 9 They found an increased risk of adverse outcomes for women with PEC-S with a cesarean delivery; however, they did not specifically distinguish between women with and without a prolonged labor as was done in the current study.
There are plausible explanations as to why both prolonged labor and cesarean delivery in labor are associated with an increase in overall maternal morbidity among women with PEC-S. Inherent in a prolonged labor course is the continuation and prolonged exposure to the preeclampsia disease process. Maternal complication rates from PEC-S increase when immediate delivery is delayed in order to improve neonatal outcomes. Vaginal delivery <24 hrs of labor (n=109)
Vaginal delivery ≥24 hrs of labor (n=19)
Cesarean after <24 hrs of labor (n=32)
Cesarean after ≥24 hrs of labor (n=12) Percentage (%) Figure 2 . Rates of severe preeclampsia-related adverse maternal outcomes by group. Labor and adverse outcomes with preeclampsia LD Levine et al This is evidenced by up to a 20% risk of abruption, 15% risk of HELLP (hemolysis, elevated liver enzymes and low platelets), 5% risk of pulmonary edema and 5 to 15% risk of renal failure among women undergoing expectant management. [4] [5] [6] [7] [8] Although the majority of these data are evaluated in preterm women with a median latency of 7 to 14 days from diagnosis, 4, 5 complications can arise at term and within the first hours or days of diagnosis. [4] [5] [6] A large portion of complications associated with PEC-S occur intrapartum, [6] [7] [8] and it is therefore plausible that the longer the intrapartum course, the higher these women are at risk for complications. Furthermore, prolonged labor, even in the absence of PEC-S, has also been associated with maternal morbidity. 12 As prolonged exposure to PEC-S and prolonged labor are both associated with an increase in adverse outcomes, it is not surprising to find an increase in maternal morbidity related to PEC-S in this group of women.
A cesarean delivery adds additional insults after a prolonged labor and prolonged exposure to the preeclampsia disease process. This includes the exposure to increase in fluids and the significant fluid shifts that occur with a cesarean delivery that women with PEC-S do not tolerate as well. This plausibly can lead to an increased risk of pulmonary edema. In addition, larger blood loss, as occurs during cesarean, is less tolerated in a patient who is already intravascularly depleted, increasing the risk of acute renal injury, coagulopathy and possibly even liver injury from a hypovolemic state.
The strengths of our study include the fact that it was performed at one institution. This limits practice variation during the labor and delivery process that could affect the outcomes. In addition, the diagnosis of PEC-S was confirmed by two investigators and those that did not meet our definitions, based on the most current guidelines, 2 were excluded. Finally, the components of our composite outcome are all clinically meaningful outcomes that, individually and independently, are associated with maternal morbidity.
The limitations to our study include the small number of women in the planned cesarean group. Although a difference in adverse maternal outcome rates was seen when evaluating the impact of prolonged labor and mode of delivery, we did not see a difference in our primary objective. The lack of difference in our primary objective is likely because we overestimated the prevalence of a planned cesarean, limiting our power to see smaller differences between those who labored and those who did not. This study was performed at an urban tertiary care university hospital among high-risk, primarily African-American patient population and therefore may not be generalizable to other populations. The higher-risk population, however, has higher rates of PEC-S, allowing us to more easily study this question. Finally, with this retrospective study, it is difficult to know whether the maternal morbidity that was noted in the cesarean group was a result of the cesarean delivery or a cause for cesarean delivery. It is important to note that only three of the cesareans in labor were performed for worsening maternal status and they were all in the group with a cesarean in the absence of a prolonged labor.
We conclude that both prolonged labor and cesarean delivery in labor are associated with the overall maternal morbidity seen in women with PEC-S. Our data do not suggest that a planned cesarean delivery should be recommended to all women with PEC-S. The optimal mode of delivery when a woman is diagnosed with PEC-S has yet to be studied in a randomized manner. Our data do however suggest that a shorter labor has improved outcomes in women with PEC-S, regardless of mode of delivery, and solidify the need to further understand the best management strategies in these women. Therefore, we support the statement from The Working Group on High Blood Pressure in Pregnancy that recommends an induction for PEC-S should be carried out aggressively and that end points and appropriate interventions should be utilized in order to achieve a delivery within 24 h. Further studies predicting induction success and delineating optimal timing to obtain a vaginal delivery need to be performed for women with PEC-S who are diagnosed before labor. We must remain cognizant of the immediate and future risks related to cesarean delivery; however, the maternal risks associated with prolonged labor and prolonged exposure to the preeclampsia disease process must also be recognized.
